Background: Inflammatory bowel disease (IBD), though historically common in the West, is now increasingly prevalent in industrializing countries. A simultaneous dramatic increase in IBD drug options has enabled most patients to achieve remission. Nevertheless, worldwide disparities in the approval of IBD drugs, or "drug lag", remain problematic. Summary: Drug lag for major IBD drugs before March 31, 2018 (12 for Crohn's disease [CD] and 13 for ulcerative colitis [UC]) was compared between that of the United States (US), European Union (EU), and Asia (Japan, China, South Korea, Taiwan, and the Philippines) to assess current trends. In the US, unapproved IBD drugs accounted for 16.7% (2/12) for CD and 23.1% (3/13) for UC; approval lag was 3.8 (0-80.5) months for CD and 3.6 (0-88) months for UC. In the EU, unapproved drugs accounted for 16.7% (2/12) for CD and 15.4% (2/13) for UC; approval lag was 0.03 (0-13.9) months for CD and 0 (0-13.9) months for UC. This demonstrates the short drug lag in both regions, although one drug developed in a joint US/EU clinical trial had around a 350-day approval lag. In Asia, the proportion of unapproved IBD drugs was the lowest in Japan at 33.3% (4/12) for CD and 23.1% (3/13) for UC; South Korea had the shortest lag for CD at 13.2 (0-133.1) months and the Philippines had the shortest lag for UC at 9.9 (0.6-176.2) months, but these countries still had longer lag periods than the West. However, a proportion of unapproved drugs and approval lag has decreased considerably in Asia since the start of the biologics era. Key Messages: Despite the recent shortening drug lag between different countries and regions, this study shows that disparities persist. With globalization, eliminating these disparate drug lags is necessary to manage IBD and may require efforts toward international adoption of a more standardized approval process.
Introduction
Inflammatory bowel disease (IBD), a general term for ulcerative colitis (UC) and Crohn's disease (CD), is an idiopathic disease characterized by repeated chronic inflammation confined to the gastrointestinal tract [1] . IBD has long been common in Western countries, but it has DOI: 10.1159/000491878 been increasing in its prevalence mainly in newly industrializing countries since the start of the 21st century [2, 3] and particularly rapidly in Japan and other Asian countries [3] [4] [5] . IBD is becoming a major social problem because adults of working age often need to spend time taking care of themselves because of the disease [6, 7] and treatment is expensive [8] [9] [10] .
The cause of IBD is still unknown, so there is no known cure and the current goal of treatment is maintenance of remission [11] [12] [13] . For many years, IBD was treated with 5-aminosalicylic acid (5-ASA) drugs, steroids (prednisone), and thiopurine immunomodulators (azathioprine and 6-mercaptopurine). Surgery was often performed when these drugs were not effective. Treatment of such refractory cases remained a challenge for some time, but gradual improvement in understanding the pathology of IBD and recent developments in drug discovery technology has resulted in a marked increase in the number of drugs available for refractory IBD. Among them, calcineurin inhibitors (cyclosporine and tacrolimus) [14, 15] and biologics [16] [17] [18] [19] [20] [21] [22] [23] [24] have been highly effective in refractory cases, and the advent of the biologic anti-tumor necrosis factor alpha antibody in particular has revolutionized the treatment of IBD [25] . Drugs with other targets such as non-tumor necrosis factor alpha cytokines and adhesion molecules have also been developed [26] [27] [28] [29] , and several clinical trials are underway [30] . Despite the increased number of IBD drugs available, there are still disparities between those approved and available in different areas globally, a phenomenon referred to as "drug lag". Some previous studies have compared approval lag for various drugs between a large number of countries [31] [32] [33] [34] [35] [36] [37] [38] , but none have examined approval lag for IBD drugs. Therefore, we decided to examine approval lag for major IBD drugs in the United States (US), the European Union (EU), and Asia in this study.
Methods

Countries and IBD Drugs Evaluated
Data as of March 31, 2018 from the US, EU, and Asia (Japan, China, South Korea, Taiwan, and the Philippines) were analyzed. China was ultimately excluded due to the difficulty encountered in collecting accurate data.
We evaluated major IBD drugs with at least one of the following products approved in any of the countries evaluated: oral 5-ASA drugs (salazosulfapyridine, Pentasa ® , Asacol ® and Lialda ® ), steroids (prednisone and oral budesonide), cytapheresis, immunomodulators (azathioprine, 6-mercaptopurine, tacrolimus, and cyclosporine), and biologics (infliximab, infliximab biosimilar [CT-P13], adalimumab, certolizumab, golimumab, vedolizumab, natalizumab, and ustekinumab). We excluded prednisone because of the difficulty faced determining approval dates, excluded cyclosporine because it has not been officially approved in any of the evaluated countries, and excluded cytapheresis because it has been approved only in Japan. Ultimately, 12 CD drugs and 13 UC drugs were evaluated. "Biologics-era" drugs are defined as the first biologic for IBD approved in 1998 and all subsequently approved drugs among the evaluated drugs (Lialda ® , oral budesonide [for UC], tacrolimus, 6-mercaptopurine, and all biologics).
Determination of IBD Drug Approval Dates in Each Region
Approval dates for evaluated drugs were confirmed by contacting their respective manufacturers. If certain information was difficult to obtain in Asia, it was obtained by directly contacting physicians at specialist IBD hospitals in each country. The drug approval date was defined as the date of regulatory approval by the regional regulatory authority and not as the date of insurance approval or marketing. The dates of regulatory approval were identified as the dates of approval decisions by the US Food and Drug Administration (FDA), the European Medicines Agency (EMA), the Pharmaceuticals and Medical Devices Agency (PMDA) in Japan, the Ministry of Food and Drug Safety (MFDS) in South Korea, the Taiwan Food and Drug Administration (TFDA) in Taiwan, and the Food and Drug Administration Philippines (FDAP).
Comparison of IBD Drug Lag between Regions
The concept of drug lag consists of "absolute drug lag" and "relative drug lag" [34] . Absolute drug lag is an index of the percentage of unapproved drugs in each region and relative drug lag is an index of the delay in approval in a certain region after the drug's first approval. In this study, we examined relative drug lag along with (1) the proportion of first approvals in each region and (2) the time from the drug's first approval to approval in other regions (i.e., approval lag). Absolute drug lag and relative drug lag were also calculated separately for UC and CD in a cross-sectional analytical design.
Statistical Analysis
All numerical values are shown as the median (range). Differences between 2 groups were analyzed using the Mann-Whitney U test, and a p value of ≤0.05 was considered statistically significant. Statistical analysis was performed using GraphPad Prism TM software, version 6.0 (GraphPad Software, Inc., La Jolla, CA, USA).
Results
The dates of regulatory approval of the evaluated IBD drugs (12 for CD and 13 for UC) for each region are shown in the online supplementary Table (see www. karger.com/doi/10.1159/000491878 for all online suppl. material).
Drug Lag in the US
Unapproved IBD drugs accounted for 16.7% (2/12) for CD and 23.1% (3/13) for UC. Absolute drug lag for CD was the smallest among regions (tied with the EU), and absolute drug lag for UC was the second smallest after the EU (Table 1 ). All biologics-era drugs for both CD and UC were approved, so there was no absolute drug lag. Relative drug lag was also short in the US at 3.8 (0-80.5) months overall for CD and 3.6 (0-88) months overall for UC because most biologics were first approved in the US (Table 2) .
Drug Lag in the EU
Unapproved IBD drugs accounted for 16.7% (2/12) for CD and 15.4% (2/13) for UC, making absolute drug lag for both CD and UC the smallest among regions ( Table  1 ). The percentage of first approvals was a high 46.2% (6/13). Median approval lag was nearly 0 for both CD and UC, making this relative drug lag also the shortest in the world ( Table 2 ). All pre-biologics era IBD drugs were first approved in the EU (online suppl. Table) , and although few biologics-era drugs were first approved in the EU, they had only a short approval lag. However, some drugs had approval lags despite being developed in joint US/EU clinical trials, as exemplified by a lag of around 350 days after FDA approval of infliximab for CD (online suppl. Table) .
Drug Lag in Japan
The proportion of unapproved IBD drugs was 33.3% (4/12) for CD and 23.1% (3/13) for UC. Absolute drug lag was larger than in the US or in the EU but was the smallest among the Asian countries evaluated ( 80.9 (0-687.4) months for UC (Table 2) . However, when the scope was limited to only those drugs developed in the biologics era, approval lag was considerably shorter (Fig. 1) , and one new drug for IBD, ustekinumab, has been approved in Japan but not in any other Asian countries (online suppl. Table) .
Drug Lag in Other Asian Countries
The overall proportion of unapproved IBD drugs for CD and UD was 41.7% (5/12) and 23.1% (3/13), respectively, in South Korea, 66.6% (8/12) and 46.2% (6/13) in Taiwan, and 58.3% (7/12) and 76.9% (10/13) in the Philippines (Table 1) . Among Asian countries, absolute drug lag was the second smallest in South Korea after Japan. In the relative drug lag analysis for Asia, 2 drugs were first approvals, and both were first approved in South Korea. Relative approval lag for CD and UC was 13.2 (0-133.1) and 16.5 (0-133.1) months, respectively, in South Korea, 42.1 (10.1-207.2) and 53.9 (10.1-147.8) months in Taiwan, and 33.7 (9.9-176.2) and 9.9 (0.6-176.2) months in the Philippines (Table 2 ). The median relative approval lag for CD drugs was the shortest in South Korea and the lag for UC drugs was the shortest in the Philippines. As in Japan, approval lag has decreased rapidly in recent years (Fig. 1) .
Discussion
With the rise of IBD as a global disease, drug options for IBD have been increasing since the end of the 20th century, but drug lag between regions remains an issue [36, 37] . To address this, it is important to assess the state of drug lag and analyze causal factors. To the best of our knowledge, this study is the first to examine drug lag for IBD drugs.
When evaluating drug lag between regions, it is necessary to understand regional differences in the regulatory approval systems. These systems differ between the US, EU, Japan, and other Asian countries. The US, EU, and Japan now require applicants to collect data on patient nationality in domestic and global clinical trials for both new drug applications and the addition of indications. This has resulted in the recent trend for conducting global trials in these countries as part of efforts to eliminate drug lag [39] . Although South Korea and Taiwan sometimes ask applicants to conduct small-scale bridging studies with South Korean and Taiwanese patients, respectively, for new drug applications of drugs approved in other countries, Japan is essentially the only Asian country that has been requiring companies to collect clinical trial data from patients on their nationality for both; foreign data alone is acceptable for drug approval in other Asian countries. The period between regulatory approval and insurance approval and the system of insurance approval also varies between countries.
In this study, we found that few IBD drugs are yet to be approved in the West. In contrast, even though Japan had the lowest proportion of unapproved drugs, it still had a large absolute lag compared with the West. However, since the start of the biologics era, absolute drug lag has been decreasing in Japan and other Asian countries not only due to the development of biologics but also due to the recent surge in development of drugs first approved before the biologics era. This may be because delays in initiating drug development, which constitute a major contributor to drug lag, have been reduced due to the elevated clinical importance and expanded drug market resulting from an increased IBD population worldwide [2, 3] and the associated increase in the Asian population [3] [4] [5] .
Almost all IBD drugs were first approved in the US or the EU. Interestingly, all pre-biologics era drugs were first approved in the EU, but most biologics-era drugs have been approved first in the US. A reason for this change may be that it is now common practice for the US and the EU to conduct global clinical trials and submit applications using such data to both regional regulatory authorities at the same time, although the FDA has a shorter review period before approval and has clearly defined priority levels (Fast Track, Accelerated Approval, and Priority Review) for drugs of high clinical importance [40] .
Relative approval lag was short in both the US at 3.8 (0-80.5) months for CD and 3.6 (0-88) months for UC, and in the EU, at 0.03 (0-13.9) and 0 (0-13.9) months respectively. However, some drugs had an approval lag between the US and the EU despite being developed in joint US/EU clinical trials, such as the lag of around 350 days before approval of infliximab for CD. This illustrates that differences in regional regulatory authorities have a clear impact on drug lag. Among Asian countries, the median relative approval lag was the shortest in South Korea for CD drugs and the shortest in the Philippines for UC drugs, but there was large variation between the drugs and relative drug lag was long compared with that of the West. However, as with absolute drug lag, there has been a clear decrease since the start of the biologics era (Fig. 1) . Although Japan had the smallest absolute lag in Asia, relative lag was long at 74.2 (6.2-687.4) months for CD and 80.9 (0-687.4) months for UC. The main reason for this approval lag is that Japan requires companies to collect Japan-specific data even for drugs already approved in other countries, and this can take around 3-7 years per drug [37] . Although the collection of country-specific data aids in the identification of racial differences in responsiveness and in the determination of optimal and safe methods for use [41] , it also has the negative effect of delaying the clinical use of effective drugs. In recent years, drugs such as ustekinumab have come out of global clinical trials that also included Japanese patients, eliminating the need to collect country-specific data for approval, and the PMDA in Japan has shortened its review time by enhancing its review system. These developments have resulted in a marked decrease in drug lag. In fact, the newest IBD drug tofacitinib was approved slightly faster by the PMDA than by the FDA or EMA (data not shown). Another reason for the long relative drug lag in Japan seen in this study is that after a delay in initiating development due to the availability of existing drugs, several new 5-ASA drugs have recently been approved, eliminating the absolute drug lag.
Although data on regulatory approval dates in each country or region were collected for this study, delayed insurance approval after regulatory approval was a challenge in some countries. Therefore, the approval date may not always reflect the actual timing of the drug's wide availability for routine clinical use in all patients. One unique aspect of Japan is the well-established national health insurance system, and drugs generally receive insurance approval within 60 days of regulatory approval. Therefore, the period between regulatory approval and clinical availability with insurance coverage for all patients is extremely short.
In this study, we compared drug lag for major IBD drugs between the US, the EU, and Asia and found that although drug lag is decreasing in the West and Asia, there is sometimes lag between the FDA and EMA, as it occurred with infliximab for CD, and therefore, drug lag is not only an Asian problem but a global one. Eliminating drug lag and expanding treatment options would allow patients worldwide to receive the best treatment, re-DOI: 10.1159/000491878 ducing the risks of hospitalization and surgery, and consequently improving quality of life while reducing the financial burden of care [9, 42, 43] . In this age of globalization, elimination of drug lag for the now-global disease of IBD may require efforts toward international adoption of a more standardized approval process due to the timeconsuming nature of moving through different review processes in each country.
